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By Israel Taback

A method is presented for calculathg the response and lag in
7 pressure measuring syst,em&subjected to steady-state sinusoidally
varying pressures. The pressure system is assumed to consist of an
inlet restriction, Wing length, and connected ~trument volume. The
material presented is Limited by the fact that no theoretical method of
predicting the attenuation characteristics of the tubing is given. This
limitation is not severe, however, as this characteristicmay be e~ri-
mentally determined for given tube sizes and pressure frequencies.

Experimental data for same sample systems tested are presented and
show good agreement with calculated values. The results ere presented
in such fashion that the qualitative effect of varying the dimensions
of system components is apparent. It i8 therefore possible, once the .
attenuation characteristics of the”We are determined, to desi~ a
system with a required frequency respmse by a trial-and-error variation
of parameters●

R’WRODJCTION

Of major interest in _ test installatims is tie response of
pressure-distributionsystems to rapidly varying pressures, both where
these pressures must le accurately measured and where unwanted oscilla-
tions must le filtered out or e13Mnated. When such prebsures are
measured, the presswe senshg element is normally fistalled as close
to the potnt of measurement as possible. When this installation is
not feasible, connecting Wing must be employed with the consequent
possibility of errors caused by resonance or attenuation in the tube.
Metho&3 of calculation of the response of pressure systems to small-
amplitude steady-state sinusoMal pressures based upon electicnnechanical
analogies have been previouEQ developed (reference 1), but little use
has been made of these methods, both because of the large amount of
tedious calculatiq necessary for the solution of even siqle pressure
systems and because of tie lack of information as to whether tie
equations were valid for pressure oscillations of large amplitude. This
paper has been prepared to present a more convenient method of calculating
response and lag h pressure systems. The mati emphasis has been placed on
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shaplifyhg the necessaq equationa to the yoint where they can be easily
applied to practical instrumentation problem. The material consequently
is k such form that the qualitative effect of vary- the components of
a pressure system is easily visualized.. .

Ih support of tie theoretical methods wesented, expertintal data
have been secured on various pressure systems in we freqmncy -e UP
to 70 c~cles Per second. Both the frequency range and pressure systems ‘
tesied ~re ciiosenas
encountered in flight
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tie~ representative of cmditions which would be
=a *d-tunnel installations.

SYMBOLS

velocitg of propagation, feet Wr sec~

attenuaticm factor, seconds~12 per foot”

capaci~, f=d.s

voltage, volts

frequency, cycles per second

tniberesonant frequency, cycles P@ sec~d

current, alILp0r13B

ratio of specific

ttie length, feet

heat, Cp/Cv

inductance, henries

mean pressure in We, pounds per square foot

pressure difference, pounds per sq~ foot

radius, feet

resistance, ohms

volume, ctiic feet

shunt admittance of tube, foot5 per pound-second .

series impedance, poucd-sec~~ per foot5

characteristic

~———. ~---

impedance of t~e, pound-seconds
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a attenuation constent, l/feet

$ _propa@tion constant, radians yer foot

L wave length, feet

F& men densi~ in tube, slugs per culbicfoot

P coefficient of viscosity, pounds per foot-second

a) ~ frewncy, rathms.wr second

Subscripts:

d quenti~ exist% at

r quanti~ exkrktng at

s quantity existing at

inlet restriction or restriction perameter

instrument or instrument peremeter

pressure-syskm inlet .

TKEORY

General Theory

lb DIf3’&Wf3?13311_bOf z’?31?idlYVSX’Yhg ~1’eSBWeS r$qUiXW3 fi mOSt cases
that a pressure insmnt be connected to the measming loint through a
fWte length of connecttig ttie. The tube opening may be restricted by
a connector of smaUer o~edng, either because of aerodynamic consider-
ations or because the res~onse of the measuring system to the oscillating
yressures must be adjwbed. b most cases exposing the pressure-
measuring diaphra@n to a reference pressure is necessery. This procedure
requires that the Wphm@ be installed so that it is e~osed to a refer-
ence pressure volume which may be connected by means of t@tig to a
reference pressure source. The reference volume * connecting t@tig
is hereinafter refereed to as the reference pressme system. For the
purpose of the following analysis, it will be ccmsidered that: (1) the
response of the titrument may be separately evalua~d or is constit
throughout tie frequency range, end tiat (2) deflecticms of the sensitive
element are sufficiently small so that negligible changes in titernal
volume occur end no energy is transferred to the reference pressure
systems●

The air columu h a tube has mesa inertia, elastici”~, end can
dissipate energy with it-slllOtiOIlj consequently, as is genera13y known,
wave motion can be propagated along its length. The Oquations goverming
this motion have been previously derived for mall-amplitude pressure
variations (references 1 and 2) and are exactly s3milar to the equations
which govern the Wopagation of electrical waves on tn’anmission lines ●

As these equations “alreadyhave been d.evelo~d, it is relatively easy

. . . . . ..- ,—— - — .- ----. — -—--——- -—-- — . ..-. ——. .— .—— ._._. —.. .- —- -— --
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to describe the behavior
electrical system by use
The electiica.1tams ~a

NACA TN No. 1819

of the pressure system in &mw of the analogous
.

of the usual electrical notation (reference 3).
the equivalent acoustical terns used hereti are

shown in the folJmw@ table: .

El(

Term

inductance

cayaci~

resistance

current
voltage

Ictrical Equivalent”acoustical

Uait lWIDbol Term Unit ISynibol

henries L inertance pound-secon@2: yer
foot5

farads c Volumetric , footi yer yound
cayacity

ohms R flo~i resistxmce pound-seconds per
foot5

am~eres I volume flow feets per second
volts E pressure pounds pr foot?

‘L

,C

R

Q
P

h acoustical terms (reference 4)) the inductance per unit length of line

‘av the cayacit9nce per unit length CL=— _ Y& and the resistance
3-nQ‘ liPa~’Am

per unit length R = ~ (the latir

Smplituae of flow) ●

The behatior of the system can
equatiom for a transmission line

●

being deyendent on the type and

then be deftaed hy the geneml

.

where \

z .R +$&

Y=w

The qusntilq ~ is a ccsnplexmmiber and may therefore be written as

@=a+jP (3)

where cc is en attenuation constant determined ly the decrment in
pressure em@i.ttie per length of tule end i3 is a propagation constant #.
or phase-angle change per unit length of tule as defined by the following
equation:

P
21’cf

= Propagation veloci~

..-— - .. -=... .-. —. ————7 .—..-...---- —-— —. .
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. The quantity Z. is designated the characteristic im@ence of the tfie

.

Equation (1) msy be rewritten to give

(4)

(5)

. Ehibstitutingequation (3) into equation (5) end stiylifying by tr@no-
metmic substitutions gives

.

+:$GG=Z%+-l(-.) (6)

>

Equation (6) defties the ratio of the voltage or pressure emylitude
at the op6n end of the tube to the emplitude existing at the yressure
capmle. The reciprocal M this ratio is called herein the respmse of
the system. The right-hand terms b equation (6) are given in polar
coordinates and mus~ be

—
added wctorielly at the indicated angles.

Mm@.ified Theory

Characteristics of system hav@q negligible instmumm.t volume.- H
the pressure capsule”is sufficiently smaU, negligible air flow occurs at
the instrument end of the txibe,~ approaches Wini@, and equation (1)
reduces to

,

(7)

% ( )1@~-l(ti Ij3z-taitld)
q=

sinh2a2 + cos2p2 (8)

Further, if the tube is of sufficiently large diameter, negligible
attenuation of the pressure wave occurs in the lmle, a approaches zero,
and equation 8 sim@.ifies to

= Cos p2 (9)

—..—— .-. — . .— =-. .. . --—. — --—...-. . .. . -.— ——— -.. ... .. -..—- —— .. . . ..- -.
,,
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.

At re;onance frequencies, equation (9) becmes zero and the

ref3ponse s beccmes inftnite.
33

The folhwing simyle relationship can

then be derived for the determination of the resonent frequency:

where

Cos f32= o (lo)

2Jtfoz
fi3?X5?l ...pz=y=–
2’2’2

(xl)

(12)

,

.

‘.

where fo is the resonant frequency of the tube with no attached yolume.
As the wave length of a pressure wave is given by the relation f% = a,
equation (M?) hdicates that, at resonance frequencies, the tube length
is an odd multiple of 1/4 wave length.

Figure 1 is a ylot of response end yhase angles based on equations (8) .1
and (9) for sti@e systems having zero or finite attenuation.

Chmcteristics of system havdng an tqlet restriction.- b a similar
system ha- negligible instrument volume so that Ir a~proaches zero,

‘.

the effect of adding a constriction at the tu3e inlet may be evaluated as
indicated b the follomlng Mscussim.

.

For restrictions which are short in length cmpred to 1 wave length,
.

the flow ti.tice consists of a resistance caused by viscous yressure
losses and an tiertance caused ly the mass of ati in the restriction.
As derived in reference 5,

This hpedance causes a Treasure loss,

m-m’=wd

(13)

(14)

where ~ is the applied pressure and ~ * is the yressure applied
to the 13ibepast the restiictiun.

&om equations (1) and (2), when ~ equals zero

E#=&coshpl (15)

-.—. __ ..— .—— ——- .—-— ———— —----. . /
,- ,.,



.

c

“

I?ACA~ NO. 1819

By the substitution of values frcm eguations
equation (14),

%-%’=%

.wz -0

% “z~

q
.l+pmh(al

0

Equation (18) was derived to secure

*Z

+ jpz)

7

(16)

(15) and (16) into

(17)

(18)

the ratio of &e”&essure ayplded
to the yressure existing fi the tube past the restriction. The magnitude of
the ov6r-all response of the tube and restriction can nowbe securedby

~ multiplying the effectiveness of the restriction, as given by equation (18),
b? the relation for the tube without the restriction, as givenby equation.(8).

,

[

Zd
= 1+7 ](o tanh(a2 + J~2) sinh2~z + COS2@@ ~-1(~ P2 -az)

(

(19)

l?heeffectiveness of the restriction canbe shown to vary with the
applied frequency and the tube characteristics. In order to visuslize the
effect of the constriction on the resyonse of the system, equation (18)
may be rewrittenhy tiigonametric sfistitution

At ankbesonance frequencies (P2 = O, X, nfi)j
tan p2 =0 snd equation (20)

.. reduces to

%y.
Es

At resonance frequencies

tanB2= ~ and equation (20)

!zd
—tanha2

l+ZO

reduces to

!+Jl”
I+_

Zo tanh a2

(20)

(21)

(22)

---. ——-— -—— ... —_- . . ....— — —-—---- ,,- —-. — ——..._.,, .,. ---. -.—.-.--- —- --———- . .. . . . . .——. .—



8 NACA TN No. 1819

I?orthe case of a resonsnt tube tad d <<1 snd therefore it cm
be seen from equations (21) end (22) that the restriction is etiemely
effective in reducing lsrge amplitude resonances but has anly a negl3-
gible effect at anttiesonance frequencies.

In the case of a Wge--ter We whereti the attenuatim is
negligible, a al$zroacheszero and equatim (19) reduces to

(24)

The tipedance of a small-diameter constricticm is almost a pure
resistance since the viscous forces which cause pressure losses are much
larger
tion.
a real
give

than the tiertia forces caused by the mass of air in the constric-
The ~tio of the impedances ZJZO iiherefme closely a~proaches
nmuber and equation (24) can be rewritten h yolar coordinates to

(25)

%

~=
l/& . ‘ (26).,

.

.

.

1

A plot of e uation (25) is given in figure 2 for two assumed values

7of the ntio Za Z.. As noted previously, the restriction at the lnibe
inlet is etiemely effective at rbscmance frequencies but has no effect
upon the resyonse at antiresonance frequencies. The principal difference
between an adjusWnt to the resRonse of a systmn by means of small-
diameter Wing or an Wet restiicticm may be clearly seen from a com-
psrism of figures 1 and 2. Although it is yossible2 by use of a large-
diameter tmhe and a suitable hlet restriction, to secure unit respanse
over a lmge frequency range, t& use of a emal.1-dismeterMe =rently
causes decreased respmse at higher frequencies.

Characteristics of ~essure systems having hsixlmlent volumes.-
,

Pressure-measuring Instruments which ere designed to have Won response
over a wide rsnge of frequencies ere necessarily desi~d with high-
frequency, low-deflection-me diay-. The fnstanment tipedsnce in .

such case is a function only of its volumetric capaci@ end can be written

-- —----. .,-. .—— — ._ .--—. -—— ~ -T-— —-- —-—- —--——

.’
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The characteristic ti~dsnce of the tbe as given by equation (4) is

Z. = Q+-JE=* “

The ratio of these @plances, which appesr6 h equatim (6), is

(28)

(29)

For a given t~e diameter and length the value of equation (29) depends
directly on the ratio of tie volume of the instrument to the total volume
of the tube. Equation (6) may now be altered to ticlude only valueG of
real quantities and phase angles,

( )’/2/ -+psNJ;) (30,+ (pz)~1’2sinh2aZ + sin2fJZ

/

~ the case of a large-tiameter tube in which a approaches zero,
equation (30) reduces to

(31)

A plot

ratio

system

of equation (31) is given in fi.gure3 for two values of the
Vr

—. The plot indicates tiat the resonant frequency of a pressure
&z
decreases with en increase in instrument volume. It also show

that instruments having volumes of the same order of magnitude as the
total tube volume cause a significant decrease in resyonse at higher
frequencies.

At the resonant frequency of the lmibewith attached instrument
volume, equation (31) may be set equal to zero so that

Vr
Cos @z = — pz sin pz

fir2z
(3’2)

.

.. . . . . .. . ..—- ..- .— —-. . .— z.- . --.—--—-—— -------



10 NACA TN No. 1~9

Then,

Tr_=sQ#
3-#z

(33)

H values from equations (U) and (K?) are substituted h equation (33),

(34’)

E@mtion (34) offers,a simple method for estimathg the lowest resonance
frequency of a tube and volume system. !l?hisequatim is plotted in ‘
figure 4 so that it is possible, if cmly the physical dhensions of a
pressure system with negligible tfie attenuation are lmown, to use tms
chmt to determhe the resonant fm quency of the system.

Effect of appreciable tiirument defIections and reference pressure
systems on the response of yressure systems.- The snalysis of the res~onse

of a pressure system when the pressure diaphragm is sufficiently deflected
so that it can tianamit energy tito a reference pressure system is con-
sidered leyond the scope of this work. Although the effect on the respcmse
is small in most cases, experimental eyidence of the chsracbr of these
effecti is shown hereti.

LIMITATIONS OF THEORY

Numerical solutims of the equations presented herein can be secwed
iftheperameters J3 end a are-known. The value of P can be calcu-
lated from the velocities of propagation ~~0tt8a h figure 5. This
figure is based on the Rayleigh formula for pro~gation in tubes (refer-
ence 2) ma, for ease of cmuputation, upon a velocity of propagation
of 1000 feet p9r second in free air. Values of a have been calculated
by mious tivestigators for sound pressure amp~tudes; however, it is
difficult to Pedict its value for large pressure am@itudes since steady-
state lemtnsr flow does not exist in the tube. Reference 6 presents a
semiemptiicel equation which tidicates that the attenuation constant a
varies with the fold.owingfactors:

(a)

(b)

(c)

Directly as the square root of the applied frequency

IUersely as the square root of the mesm densi~ of the fluid

lhversel.ywith the tube dismeter

—-. — _. ___ .._ ——. ...— ~— —— ~



(d) Directly as the square root of the ‘effective viscosity.” The
‘leffectiYeviscosity” is shown to deyend upon the Reynolds nwiber of the
flow h the tube, which @ turn is directly depende~t upon pressure
SJIIplitudeand frequency●

The effects of factors (a) and (c) on *e yal.uesof a hati been ~
checked by the experimental data ~resented; however, lack of suitable
equipment has made it ~ossible to generate large-sm@ltude pressures
at various mesn densities to substantiate factors (b) and (d).

The lack of my method for calculating the attenuation constant
Wectly limits the general application of the preceding equaticms. An
experimental detezmdnation of u is yossible, however, by maldng
measurements on a simple system (long tnibewith no restriction and
negligible hwtrument volume) end then apyly~ the e~erimentally
detezmimed valm to.the calculation of more complicated systems. For
the range of pressure amplitudes and frequencies covered b this invei3ti-
gation, values of a have been determined ewr-ntally and the results
are given in the section entitled “ExperimentalInvestigation.‘1

It is tiyortant to note that in many practic~ applications wherein
the primary considemtion is an esthate of resonance snd antdresamnce
frequencies, sufficient accuracy can be secured by assuming that the
attenuation constant a is negligible. In such cases, the equatione
presented for tule systems having zero attenuation can be applied with
ccmsequent reduction of computation tzlme.

~ INVISTIGATIOIV
,.

Apparatus end Tests

A schema of the test setup ig given in figure 6. The pressure
source used in these tests consisted of a piston, driven by a variable-
speed electiic motor, in a cylinder surrounded %y a clesrance volume.
AdJustint of pressure smplitude was achieved by varying the cleerance
volume or alter- the stroke of the crank and connecting-rodmechanism
driving the piston. Directly connecte~ to the cylinder was a standard
NACA mechanical-opticel pressme recorder, which was used as a press~
standard. This instrument consists of a corrugated diaphragm assembly
havtig an internal volum of O.2 cubic inch surrounded by-a reference
volme of apprmimately 1.2 cubic tithes. Ikflecticms of the diaphm~
are converted by means of a bell-crank tilttng-~or Ulnkage -into
deflections of a record ltie on a photographic fib. The natural

‘frequency of this hstrument was sufficiently high to require no correc-
tions for its response. Another connection from the pressure generator
led to the pressure system under test. The pressure systems tested
consisted of various lengths of neoprene pressure tub- varyfng in

diamdar fran *-inch to $6-inch inside ti~tir with COnnf3C_k3d restrictions

●
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and volumes.- The pressure
tudes up to-i 10 inches of

,- NACA TN No. 1819

generator supplied oscillating pressure empli-
water at frequencies ranging frcm O to

70 cycles per second. Recomls of the generated pressure a6 determined by
the reference-pressure cell, pressues existimg in the test imdn?ument,

md ~-second thing marks were all recorded on the same film. The tests
10

were made in the Flight li&rument Wvelopnent Section of the Iangley
Wtrument Research Division.

Results of Amylitude Response Tests

Simple tube system with negligible instrument volume.- Figures 7

emd8s ummirize the resul~ of tests made with ~ inch end
8 -%

-inch-inside-
1

diameter tubes with am”~ed pressure amplitudes of * 10 inches of water.
The length of tube, given in wave lengths, is calculated from the
veloci~ of propa~tim as given in figure 6 end the relation a/f equals

waye length. b figure 7 the response of systems using ~-i.nch-inside-

tiameter tuling is seen to %e such that large attenuation of pressure
amplitude occurs in the main portion of the Ym quency range up to 70 cycles

per second. Figure 8 indicates that tie attenuatim in
3

-inch-inside-
1

diameter tubes is small enough so that, with suitable damping of the
resonAnce peeJm, the response through a large.frequency renge can be

“ made to approximate uni@. Tests made on other tfie lengths not shown
in these figures fair in well with the plotted curves. “

Based upon figures 7’and 8 and equation (8), the attenuation
constsnt a was detemined for both tube diameters. The attenuation
constant was found to vary with the squme root of the applied frequency.

Values of the attenuation factor A are plotted in figure 9. The
vslw of A as calculated frcm equation (8) is apperentl.ynot constit
for the shorter t~e lengthsj however, this effect is actually caused
by the finite volume of the pressure capsule. The values of A. “
asymptotically approach their la-mevalue for the longer tubes since the
attenuation in the ttie beccmes the detemdninn factor in the over-all
response. The values of a thm determined are as follows:

For ~-inch-inside-diameter tubes,
8

a, = 0.014W

For
-%

-inch-inside-diametertubes, .
1

a = o.oo65@

.

.

—— —;-—————...—= .—, .— ---- ---—,. ,’,,’ ..
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The curves of figures 10 and 11 have teen calculated on the basis

of the attenuation factor for the
-%

-tich-hside-diameter tree. The
1

variation between the calculated reslonse curves for zero instrument
volume and for 0.21 c~ic inch ~trument volume shows tie effect of
the volume of the titrument used (fig. 10). The egerhental potits
for the 10-foot tube with an hstrument volume of 0.21 cubic inch
appro~te a theoretical curve for a 10-foot tube Iflthno volmne
attached tiich has en attenuation constant equal to 0.01. The comparison
shown in figure 10 letween these experhnental points and the theoretical
curve for zero volume indicates that except at resonance frequencies a
relatively large iariation in the attenuation factor causes only minor
changes in the general characteristics of the response curve.

Tube with inlet restriction.-Figure Xl illustrates the correlation
between the calculated response curves and the experhwntal. data Yor a
10-foot tube with and without an inlet restriction subjected to
pressure amplitudes of t 10 inches of water. The dsmphg res&iction,
as previously indicated, is placed at the open tube end. The main effect
of the damper at resonance frequencies and the ahost negligible effect
at antiresonance frequencies should be noted on these curves. Inasmuch as

1 inch-long connectorthe e~erhental data for a 1
-tich-inside-diameter,.~

z
seem to correspond more exactly to the calculated Valw-s for a connector
of twice this length, the losses in this connector cam be assumed to be
larger MI= those predicted by equation (I-3). These added losses are
attributed to the inlet and etit losses of the connector and to the fact
that steady lsminar flow does not efist @ the connector.

Tube with appreciable M*nt volume.- Figure 10 also indicates

the response to stiusoidal pressure amplitudes of t 10 tithes of water

of a 10-foot lqngth of
+

-inch-inside-diameter tubing with volumes
1

of 3.05 cubic inches end 6.1 cubic inches added adjacent to the recortig
instrument. The correlation between calculated and eqerimental curves
indicates that although a high percentage accuracy has not.been
achieved, good agrement exists insofem as response-curve shape and
attenuation characteristics are concerned. The effect of increastig
the recor&lng instrument volume is seen to be a lowertig of the
resonmt frequency of the system and a decrease in ampMtude of the
recorded pressures throughout most of the frequency range.

Effect of some reference pressure systems on the response character-

istics of a pressure system.- When pressure recorders are connected to

both a pressure measuring systim and a reference pressure system, appreci-
able interaction and ener~ transfer may occur, which can alter signifi-
cantly the response of the entire system. The calculation of the
response of such systems is considered inadvisable stice it is necessarily
tedious and the accwacy. is questionable. Figure 32 is included as
representative of the interactions which occurred with the capsule

..s . ..-. .... —— ..—.-...— .. ...——. .---- ... ...—— .—— .—_ .._....,.



14 WIOA TN No. 1819

employed in these tests in a test setup designed so that the interac-tion.
was very pronounced. The variations in the res~e curves are @pical,
of coupled systems which may be encountered in practice. The equivelent
yressure and electrical systxmm are schematically shown in the same
figure. It should be noted that these effects may be decreased or
elhlnated ly enlsrging the reference volume surrounding the measurtig
element so that its equi~ent electrical capacity becomes erlmamely
large and approaches a short circuit.

Results of Ehase.-shift Determination

Figure 13 illustma~s the correlation between calculated and experi-

mental lag curves for 10 feet of 3 -fich-~fde-di~tir ixibingldth .
z

various added volumes. The response curves of figure 10 show that the
following general characteristics are ccmmmn to the lag curves of figure 13:

(1) The @se sngle shifts relatively slowly until a resonance
frequency is reached, at which time the phase chsnges rapidly through 90°.

(2) me Wg remains almost constit at approxbuately 1800 fran
frequencies shove resunance through the first mtiremmsnce frequency
and then .Increasesto lsrger values.

(3) The rata of change of lag angle with increasing frequency
more and more ltiear as the magnitude of the emplitude respanse at
resonance beccmes smaller and smaller.

Sample Calcuhtion

becoms

Equation (20) has leen presented in such fomn %at the response and

M W be mf-tically cd.ctitea. T&We 1 tidicates the calculations

necessary for the determination of the respcmse of 10 feet of ~-inch-
16

inside-diametertubing with an added volume of 0.61 cubic inch. All.
carqnrtationsare arithmetic except that for column @ , which may be
dane graphically with little labor. The deixmmdnation of the response
for various other added volumes can be easily made by recalculating

COl~ @, @j ~a @ ~.

CONCLUSIONS .

A metiod has leen developed for estimathg the dynadc response of
pressure systems subjected to steady-state oscillating pressures which
can be a~plied to the design of these systems either to secure good
response over a desired frequency range or to elimlnate unwanted

.

.
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resonances when only a mean pressure level is desired. Although no
method of predicting the attenuation constant of various tubing under
all preseure conditions has been wesented, this attenuation constant
may be detezmdned e~erkntally in a simple tube system end used for
the design of other more complicated systems.

Even in long tzibesof sma12 diameter (tit is, 20 ft of
-?

-h.-I.D.
1

-hibes), resonances can occur which cannot be ignored ti the interpreta-
tion of recorded data. Yhe resonance frequency range for tubes of
apyroxhately this length is the frequency mmge in which airp~e
buffet@ may occur and airplanes passing through contiguous atmospheric
gusts may also %e subjetted to pressure cycles h this range. The
direct interpretation of such recorded data without reference to the
effect of the recording system will lead to erroneous results.

.
It can be concluded from the material presented that for accurate

mc-??~sswe measmements the first resonant frequency of the
pressure-measurement system should be kept weX1.above the highest
pressure frequency to be measured. This result can usually be accom-
plished only by installing the pressure senshg element as close to the
2oint of measurement as possible. When such tnstelllatianis not feasible,
the principles presented in ~s payer should be a~lied to the design
of an appropriate pressure system. The errors ~erent IQ such a method
should be mitigated whenever possible by a &Lrect calibration under
conditicms of use.

Langley Aeronautical Laboratov
National Advisory Cummittee for Aeronautics

Langley Air Force Base, ~a., January 7, 1949

-—-.. _ .. . . . ~—.————— -—— -- ——. .—. .—— .- -———— ————-.—--—--- —-————
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and without restrictions to sinusoidal pressure amplitudes of
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